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ARTICLE INFO ABSTRACT

Keywords: Background: The SARS-CoV-2 infection has spread at an alarming rate with many places showing multiple peaks
SARS-CoV-2 in incidence. Present study analyzes a total of 332 SARS-CoV-2 genome sequences from 114 asymptomatic and
Deceased ) 218 deceased patients from twenty-one different countries to assess the mutation profile therein in order to
g?{;lf:izzl:m establish the correlation between the clinical status and the observed mutations.

Neutral Methods: The mining of mutations was carried out using the GISAID CoVSurver (www.gisaid.org/epiflu-applicati
Stability ons/covsurver-mutations-app) with the reference sequence ‘hCoV-19/Wuhan/WIV04/2019° present in NCBI

with Accession number NC-045512.2. The impact of the mutations on SARS-CoV-2 proteins mutation was pre-
dicted using PredictSNP1(loschmidt.chemi.muni.cz/predictsnp1) which is a meta-server integrating six predictor
tools: SIFT, PhD-SNP, PolyPhen-1, PolyPhen-2, MAPP and SNAP. The iStable integrated server (predictor.nchu.
edu.tw/iStable) was used to predict shifts in the protein stability due to mutations.

Results: A total of 372 variants were observed in the 332 SARS-CoV-2 sequences with several variants present in
multiple patients accounting for a total of 1596 incidences. Asymptomatic and deceased specific mutants
constituted 32% and 62% of the repertoire respectively indicating their partial exclusivity. However, the most
prevalent mutations were those present in both. Though some parts of the genome are more variable than others
but there was clear difference between incidence and prevalence. Non-structural protein 3 (NSP3) with 68
variants had a total of only 105 incidences whereas Spike protein had 346 incidences with just 66 variants.
Amongst the Deleterious variants, NSP3 had the highest incidence of 25 followed by NSP2 (16), ORF3a (14) and
N (14). Spike protein had just 7 Deleterious variants out of 66.

Conclusion: Deceased patients have more Deleterious than Neutral variants as compared to the asymptomatic
ones. Further, it appears that the Deleterious variants which decrease protein stability are more significant in
pathogenicity of SARS-CoV-2.

1. Introduction

The causative agent of ongoing COVID-19 global pandemic is Severe
Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) which be-
longs to family Coronaviridae characterized by single strand positive
sense RNA genome [1]. As of 31°" March 2021, there were 5,52,566
active cases; 1,14,34,301 discharged cases and 1,62,468 deaths in India
due to SARS-CoV-2 (https://www.mohfw.gov.in/). The same time, as
per WHO there were 2,73,49,248 confirmed cases of COVID-19,
including 27,87,593 deaths worldwide due to COVID-19 (covid1l9.
who.int).

As the SARS-CoV-2 infection spread at an alarming rate and many
places showed multiple peaks in incidence [2-4], the virus accrued

mutations in the process. There have been multiple studies to assess and
understand the impact of these mutations [5-8]. These reports have
focused on novel and recurrent variations and their impact on infectivity
and antigenicity. However, the assessment of impact of mutations on
SARS-CoV-2 is an ongoing process. Since the mutational profile of
SARS-CoV-2 has been reported to be country specific, the analysis of
mutations in a country wise manner assumes significance. For example,
mutations at nucleotide positions 17746, 17857 and 18060 are exclu-
sively present in North America [9]. Further, some proteins of
SARS-CoV-2 play a critical role in viral infection and pathogenesis. For
instance, the Spike (S) protein whose interaction with the angiotensin
converting-enzyme 2 (ACE2) receptor is pivotal for viral entry into host
cell. There are 17 residues in the receptor binding domain (RBD) of S
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Table 2
Country-wise distribution of samples used in the study.
S No Country Total Asymptomatic Deceased
01 Bangladesh 5 5 0
02 Belgium 2 1 1
03 Brazil 62 2 60
04 Colombia 3 0 3
05 Costa Rica 2 0 2
06 Czech Republic 3 1 2
07 Dominican Republic 3 3 0
08 India 68 28 40
09 Indonesia 2 0 2
10 Italy 3 1 2
11 Japan 59 59 0
12 Kuwait 2 2 0
13 Lebanon 1 0 1
14 Mexico 4 0 4
14 Oman 1 0 1
16 Russia 3 0 3
17 Saudi Arabia 70 0 70
18 South Africa 1 0 1
19 Sri Lanka 1 0 1
20 Turkey 8 8 0
21 United States 29 4 25
332 114 218

protein which makes contact with the ACE2 receptor and mutations
affecting this interaction will directly impact viral pathogenesis [10,11].
A brief summary of all the proteins of SARS-CoV-2 and their function has
been provided in Table 1. The proteins have been listed in descending
order of number of mutations observed in present study.

In a previous study, we performed the mutational analysis of 611
genomes from India extracted in June 2020 and analyzed its impact on
proteins. Therein we observed a difference in mutation profile in viral
genomes across deceased and asymptomatic patients. While only 11%
disease mutations were present in genomes from asymptomatic people,
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the corresponding value from deceased patients was more than three
folds at 38% implying a possible correlation between the nature of
mutations and clinical outcome. However, one lacuna of the study was
very limited number of samples with available clinical metadata (30
asymptomatic and 15 deceased) [12]. Presently, we expand our sample
size by using sequences from twenty-one different countries with an
attempt to ascertain the differential mutation profile of deceased and
asymptomatic samples in order to understand the possible clinical cor-
relation, if any.

2. Methods
2.1. Sequence Congregation

On 10" November 2020, we retrieved 6853 sequences from GISAID
(www.gisaid.org) using the data filter ~ virus name: hCoV-19 - Host:
Human - Complete — High Coverage. Subsequently, they were screened
for availability of clinical status which revealed 122 and 542 sequences
from Asymptomatic and Deceased patients respectively. The final
screening parameter applied was that of age wherein all samples of over
60 years were excluded. There are multiple risk factors associated with
mortality due to SARS-CoV-2 which include age, hypertension and
diabetes. Since a detailed clinical profile was not available for most
samples only age was used as an exclusion criterion. Multiple reports
suggest deaths of old age people infected with SARS-CoV-2 is often due
to co-morbidities and a weakened immune system [13,14]. Since our
aim was to ascertain the impact of mutations, if any, on the deaths due to
SARS-CoV-2, so we excluded the samples where the chance of other
factors contributing to death is high.

Thereon, a total of 332 SARS-CoV-2 sequences from 114 Asymp-
tomatic and 218 Deceased patients were included in the study from
twenty-one different countries. Details of the studied sequences have
been provided in Table 2 and Supplementary file 1. These included 200

Asymptomatic,Deceased

Increase

Deleterious

Asymptomatic

Decrease

Neutral

Deceased

Pathogenecity Stability

Fig. 1. Distribution of variant sites of SARS-CoV-2 proteins across Gender; Patient status (Deceased/Asymptomatic); Pathogenicity (Deleterious/Neutral)

and Stability.
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Fig. 2. Details of mutations of SARS-CoV-2 proteins. A) Gender wise distribution of variants and its prevalence in studied genomes. B) Distribution of observed
variants according to clinical status of patients as per Deceased/Asymptomatic/Both C) Most prevalent variants across proteins observed in the study. D) Timeline of
incidence of observed variations. E) Age wise distribution of samples of the present study.

males, 72 females and 60 patients for which gender information was not
available. There were ten countries which had no asymptomatic patients
and five countries with no deceased patients. It is quite plausible that the
absence of sequences from the said countries can be attributed to lack of
metadata at GISAID repository and do not necessarily imply the absence
of such patients in the countries.

2.2. Mining of mutations in proteins

The mining of non-synonymous mutations from the selected 332
sequences was done utilizing the GISAID CoVSurver (www.gisaid.
org/epiflu-applications/covsurver-mutations-app) web resources for
sequence variance analysis. Sequence datasets were aligned with the
reference sequence ‘hCoV-19/Wuhan/WIV04/2019°. The reference
amino acid sequence of each protein for further analysis was down-
loaded from the same server. The reference sequence is identical to the
NCBI sequence with Accession number NC-_045512.2 from Wuhan,
China. It has also been used as reference for our earlier studies on SARS-
CoV-2 genomes from India [12,15].

2.3. Pathogenicity Prediction of mutations

The impact of the mutations on SARS-CoV-2 proteins mutation was
estimated using PredictSNP1(loschmidt.chemi.muni.cz/predictsnpl)
which is a meta-server integrating six predictor tools: SIFT, PhD-SNP,

PolyPhen-1, PolyPhen-2, MAPP and SNAP. The SNAP and PhD-SNP
tools are based on supervised machine learning algorithms that have
been trained in massive datasets to “learn” to distinguish between
pathogenic and benign variants. The protein sequence and structure
method predict how mutations influence the protein phenotype on the
basis of the SNP position in the protein structure behind the PolyPhen-1
and PolyPhen-2 predictors. The MAPP and SIFT tools, on the other hand,
determine the pathogenicity of mutations based on the conservation of
specific amino acids by sequence and evolutionary conservation
methods across various species. PredictSNP extracted the individual
score of these tools to homogenize the assessment and generate its own
confidence score as a percentage of expected accuracy, ranging from 0 to
100%. It has also designed three distinct datasets like PMD, MMP and
OVERFIT in order to eliminate bias, duplicity and inconsistency [16].
Subsequently, the variants are categorized as ‘Neutral’ or ‘Deleterious’,
and these predictions are more robust and accurate than the prediction
provided by any individual predictor.

2.4. Stability shifts of protein mutations

The iStable integrated server (predictor.nchu.edu.tw/iStable) en-
compasses two machine-learning based predictor iMutant and MUpro
along with thermodynamics parameters in order to predict shifts in the
protein stability related to mutations. i-Mutant, an SVM-based tool,
predicts protein stability attributable to mutant form in free energy
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Table 3

Distribution of Deleterious (Red) and Neutral (Black) mutations along with D/N ratio (Deleterious/Neutral) across different proteins of SARS-CoV-2 in Deceased (De)
and Asymptomatic (As) patients. Both (Bo) denotes presence in Asymptomatic as well as Deceased patients.

Total
. . L. Asymptomatic Both Deceased | D/N | Asymptomatic | D/N | Both | D/N
S No | Protein ?{;‘erl*::‘si‘;o) Deceased (De) (As) (Bo) (De) | Ratio (As) Ratio | (Bo) | Ratio
Ca3F R38C Nil
1 |E 6@4240) | D51k rson p7is | 196y .3 | 033 1 1 |00 NA
2 |m 7(5+2+0) %ZLPSS;ER A98S; C33F Nil 0,5 0 0.2 0 | 00| NA
A119S; S1931; D225Y: QOH; G204R.
S194L; T2471: RI195I; S197Ls: PI3L
K373N: D402Y: | S200N
Q418H R203K;
3 |N 29(1201344) | 24 s O7K: DIO3N: et 7.5 14 5.8 0625 | 2.2 | 1
HI45Y: S327L; | 1351V P199S;
K374N H300Y: T334A:
T3791; A397V
S40L: LATH: TSOL: G196V: Q570
AS1S: 62M: G224C
A110V: R1268S:
4 | ORF3a | 20(13+5+2) | G172V: QI85K; 10,3 | 333 3,2 15 | 1| o
G251V S253P SI71L
1118T; M125I: L15F; L52I
V225F
5 |ORF6 |5(3+1+1) | 11IR: R20S; W27L | V5F 33T 3.0 p 0 o | 1.0] =
V74F; S83L: 301 Nil
6 | ORF7a | 8(6+240) | VO3F: QU4E 42 2 11 1|00 NA
A8S; V108L A105V
Q23H
7 | ORF8 |9(5+242) | D34G: A5IS: D119G; V9L 1.84S; 1,4 | 025 0,2 o |02 o
A51V: A65D $24L
8 | NSPL | S(1+4+0) | L. ﬁﬁCT’D”N’ Nil 0.1 0 31 3 | 00| NA
E57K
D23Y: E66G: R27C; KI110N; T851
PI8IT: S211F: MI41T; A159V:
T3711; Q496P G339S: K347N: | A318V
Q427H: L520F:
9 [NSP2 | 27(13+12+2) XSZZ)ES%OL' 6.7 | 086 9,3 30| 1|
21V; P129L; V198I:
S196L: A247V:
R380C; T4291;
T4341
DI112Y:DI78Y: | SII97R: DI163Y:
A256V: G337C; | F4308: G4708S:
L425P; T428I: G470V: T7791
P466L: L6231 K945N: V1768G:
L68OF: R810C: S1807F
L862F: K1083I:
D1121G: L1244F:
G1476S: A1914D | P153S; I341M:; AS61V:
AILS; SI126L: K379E: K412N: | T1198K
P200S; G212S: 1458T: A480V:
10| NSP3 | 6840+26+2) | e CRH | o 16,24 | 0.67 9,17 053 [ 02| o
K487N; A496V: | P723S; A994D:
T504P; S7161; K1042N; T10721:
T7241; P822L.: CI114I: P1132S:
K1077N: K1211N: | M1278K: D1674N:
P1228L; S1314G; | VI762A
A1324V: S1424P:
A1431V: S1670F:
S1682F: K1693N:
V17951 A1872V
S148P: G309C G196D: F308Y
11 | NSP4 | 14(10+3+1) %61?1’1-2(2);‘%\/- M331 ATV e | 0as 2.1 2 o1 o
T2951 M3661:
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A457V; S59P
A266V: LSOF: Nil Nil
T196M: V18I
12 | NSP5 | 11(1140+0) | KI2R; G15S; T45I; 47 | 057 0,0 NA | 0,0 | NA
G71S: P96S;
V1251: T1981
VI90F: 1162T Nil
AS8V: L125F: CI13F: L37F
13 |NSP6 | 9142+0) | Yoty raar, 2.5 0.4 0.2 0o | 00| NA
MI831
14 |NSP7 | 2(240+0) | L7IF: S25L Nil Nil 2.0 s 0.0 NA NA
15 | NSP8 | 4+2+0) | AT4V Nil 11 1 0.2 0 NA
T1231 G144S; V261 ’ ’
16 | NSP9 | 1(0+170) | Nil L42F Nil 0.0 | NA 0.1 0 | 0.0 NA
17 | NSP10 | 32+1+0) | KI24R; T1I1I T1011 Nil 0.2 0 0.1 0 | 0.0 NA
D140G: T2431; V3540 A9TV:
L308M: V354A: L638F
V354G: S814P
18 | NSP12 | 21(17+1+3) 3229/52’51\6[\1,?61’ P3BL 611 | o0ss 1,0 o | 21| 2
T252N; L3291;
N4918S: V880I:
A878S: HO28Q
S74P; T1151 P47S: A23TT:
S485L; P504L;
Y541C; M5761
19 |NSPI3 | 187+104) | hooe pucen | daas: 5301 SI66A 2,5 0.4 6.4 15 | 01|
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Fig. 3. Country wise distribution of variants of SARS-CoV-2 proteins.

change value [DDG = DG (New Protein) — DG (Wild Type) in Kcal/mol].
It classifies the variant in terms of decreasing (DDG<O0) or increasing
(DDG>0) protein stability. MUpro, an SVM and neural network-based
tool, evaluates the mutational impact of protein stability on predictive
confidence score (Conf. Score). The score varies from —1 to 1, with Conf.
Score <O signifies a decrease in stability and Conf. Score >0 as an in-
crease in protein stability. iStable utilizes sequence information and
predicts the meta-result as an increase or decrease in stability in terms of
confident score, where a higher score indicates more confidence in the
prediction [17].

3. Results and discussion
3.1. Mutation incidence and prevalence

A total of 372 variants were observed in 332 SARS-CoV-2 sequences
with several variants being incident in multiple patients accounting for a
total of 1596 incidences. The distribution of variants across different
proteins of SARS-CoV-2 have been shown in Fig. 1, Table 1 and Sup-
plementary file 2. The distribution and incidence of variants can be
analyzed through several aspects.

First, the incidence of mutations with respect to gender as summa-
rized in Fig. 2A. The patients for whom gender information was not
available have been mentioned as unknown. There were 45 mutations
(12%) present in both males and females and these variants were the
most prevalent ones as they accounted for around 69% of the total in-
cidences. Also, the male and female specific 221 and 75 mutations (59%
and 20%) accounted for a meagre 17% and 5% of the total incidence
respectively. Partly this difference can be attributed to the skewed
sample set in favor of the males. Klein and Flanagan have reviewed the
studies assessing the variable nature of immune responses in males and

females [18] but since the variants most incident are present in both
genders in our study and assuming the variations can potentially alter
the immune response, the chances of it doing so in a gender-dependent
manner seems rare.

Though there were 60 patients with unknown gender but the fact
that 90% of the overall mutations in the studied population is present in
males, females or both means that the data from samples with unknown
gender will not have much of an impact on gender wise distribution and
incidence of mutants. Further, almost all of these 60 patients were
asymptomatic and belong to the Diamond Princess cruise ship from
Japan which has become a benchmark study about how wearing masks
reduces viral load wherein even if the person gets infected, chances of it
being mild or asymptomatic are enhanced substantially [19,20].

Subsequently, we moved to the second aspect of our analysis in terms
of patient status where we screened for mutations specific to the
deceased or asymptomatic patients. The distribution and incidence of
mutations as per patient status has been shown in Fig. 2B and Supple-
mentary file 2. Interestingly, 22 mutations present in both deceased and
asymptomatic patients accounted for 952 (60%) of the total incidence of
mutations. Asymptomatic specific mutants encompassing 119 variants
(32%) accounted for only 246 (15%) of the total observed mutations
whereas the corresponding values for Deceased specific mutants was
231 (62%) variants with 398 (24%) total incidences respectively. The
details of these mutations have been provided in Table 3 and Supple-
mentary file 2 and their impact on proteins is discussed later.

The impact of codon bias in SARS-COV-2 genomes on incidence of
mutations has been reported wherein the most abundant mutations were
C > U (46%), G > U (18.2%), U > C (9.4%) and A > G (8.8%) implying
an increase in U as a viral strategy to adapt to host codon usage. This
results in some mutations being more prevalent than others [21].
Evidently, in the present study as well, some mutations are getting
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Fig. 4. Mutation incidence and its impact on SARS-CoV-2 proteins. A) Number of variants and its prevalence in studied genomes. B) Pathogenicity Prediction of
the variants in terms of Deleterious or Neutral. C) Stability shift prediction of the observed variants.

represented at a much higher rate as compared to others. The fifteen
most prevalent mutations along with their incident frequencies and lo-
calizations have been shown in Fig. 2C. P323L (NSP12) is the most
prevalent variant present followed by D614G (Spike protein) with over
two hundred incidences each. Most of these prevalent variants are
common to both males and females, which is expected as per gender
wise distribution data.

The timeline for accumulation of mutants has been shown in Fig. 2D
and evidently the maximum number of mutations accrued in April 2020
wherein the incidence of COVID-19 was at its peak. The age wise dis-
tribution of mutants has been shown in Fig. 2E. An absolute correlation
between age and incidence cannot be drawn due to uneven represen-
tation of all age groups. Furthermore, since the samples are from
different countries and the virus is behaving differently across
geographical locations, the data has to be interpreted with caution.
Another study encompassing 48,635 SARS-CoV-2 sequences reported a
total of 353,341 mutation events compared to Wuhan reference genome.
Of these, 256 samples were identical to the reference whereas 48,379
samples possessed at least one mutation. An average of 7.23 mutations
per sample was reported in the study which also highlighted country
specific average incidence of mutations [22]. Thereby, looking at the
mutation incidence with reference to individual countries seemed
rational.

We analyzed the data in terms of number of mutants per sample for
each country as represented in Fig. 3 and Supplementary file 4. Saudi
Arabia with maximal representation of 70 samples in the study was
contributing 3.93 variants per sample which is amongst the lowest in the

group. Contrastingly, Bangladesh with highest value of 10 variants per
sample is being represented by just 5 samples in the study. Thus, its
explicit that some nations are exhibiting more variations in SARS-CoV-2
as compared to others. Differential health and gene profile of individuals
might be factors contributing to it. We also looked at the variant per
sample data for deceased and asymptomatic samples respectively for
each country as shown in Supplementary file 4. Bangladesh had the
highest variants per sample of 10 followed by India (6.36) for asymp-
tomatic patients whereas it was the highest of 9.5 for Indonesia followed
by Brazil (6.75) for deceased patients. The fact that some countries had
no representation in asymptomatic or deceased samples makes any
direct inference plausible but a geographical dependent evolution of the
virus is surely supported by the observed data.

3.2. Impact of mutations on proteins of SARS-CoV-2

The impact of mutations on SARS-CoV-2 proteins was assessed using
three aspects as highlighted in Fig. 4. These include distribution of
variants across SARS-CoV-2 proteins; pathogenicity of the variants in
term of deleterious or neutral and assessing the stability of proteins in
presence of variants.

The distribution of variants across different SARS-CoV-2 proteins
revealed some interesting observations. First, incidence of mutations in
some proteins was relatively higher than others as evident in Table 1,
Fig. 4a and Supplementary file 2. NSP3 housed a maximum of 68 vari-
ants closely followed by Spike protein with 66 variants. N protein and
NSP2 with 29 and 27 variants respectively were a distant third and
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Table 4
Correlation between Deleterious mutations from Deceased individuals and Protein Stability. (Variants with increased stability have been shown in green).
. Decrease | Increase
Select'lon of S Protein Protein Feature Variant Name NO. of Stability | Stability
Variants No variant
(DS) {s)
1 E Structural Protein C43F 1 1 0
. Q94E, S83L,
2 | ORF7a Accessory Protein V74F, VO3F 4 4 0
3 | ORF8 Accessory Protein Q23H 1 1 0
Deceased- 4 NSP6 | Non-Structural Protein 1162T, V190F 2 2 0
Deleterious- 5 | NSP8 | Non-Structural Protein A74V 1 1 0
Decrease D140G, L308M,
Stability 6 | NSP12 | Non-Structural Protein | S814P, T248I, 6 6 0
De-D-DS V354A, V354G
7 | NSP13 | Non-Structural Protein S74P, T1151 2 2 0
8 | NSP16 | Non-Structural Protein 1267T, T1171 2 2 0
. C136G, S939F,
9 S Structural Protein V4R9H 3 3 0
1 NSP4 | Non-Structural Protein G309C, S148P 2 1 1
. I11R, R20S,
2 ORF6 Accessory Protein W27L 3 2 1
. A266V, L89F,
3 NSP5 | Non-Structural Protein T196M, V18I 4 3 1
4 | NSP7 | Non-Structural Protein L71F, S251 2 1 1
5 | NSP15 | Non-Structural Protein S287L, Y225F 2 1 1
. L177F, R163C,
6 | NSP14 | Non-Structural Protein 281, T2151 4 2 2
D23Y, E66G,
7 NSP2 | Non-Structural Protein P181T, Q496P, 6 3 3
S211F, T3711
DD‘lacteased- A119S, D402Y,
eleterious-
. K373N, Q418H,
Decrease. {Ipcrease 8 N Structural Protein S1931, S194L, 7 3 4
Stability T2471
De-D-DS/1S AT10V, AS1S,
G172V, G251V,
9 | ORF3a Accessory Protein 162M, L41H, 10 6 4
Q185K, R1268S,
S253P, S40L
A1914D, A256V,
D1121G, D112Y,
D178Y, G1476S,
. G337C, K10831,
10 | NSP3 | Non-Structural Protein L1244F, L425P, 16 11 5
L6231, L689F,
L862F, P466L,
R810C, T428I

fourth. However, a greater number of mutations does not necessarily
imply it being prevalent in the studied samples. To ascertain the same,
we calculated the incident mutations per hundred amino acids for all the
proteins as shown in Table 1. The proteins have been sorted as per
number of observed mutations. NSP3 with 68 mutations had 3.5 mu-
tations per hundred residues whereas ORF8 with just 9 mutations had a

corresponding value of 7.44 indicating an unequal distribution of mu-
tations across SARS-COV-2 proteins. A bias in incidence of mutations in
SARS-COV-2 proteins has been previously reported as well with surface
glycoprotein, nucleocapsid, ORFlab, and ORF8 exhibiting a higher
frequency of mutations as compared to envelop, membrane, ORF6,
ORF7a and ORF7b. Further, emergence and stability of variants
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accounted for their widespread global distribution [23,24]. Thus, some
parts of the genome are more variable whereas others are more
conserved. These have led to emergence of novel variants around the
world which have had varied clinical manifestations. Secondly, there
was a clear difference between incidence and prevalence. NSP3 with 68
variants had total incidence of only 105 whereas Spike protein had 346
incidences (66 variants). Comparatively, N protein and NSP12 had 328
(29 variants) and 288 (21 variants) incidences in the study. This clearly
implies that a greater number of mutations does not necessarily imply
higher prevalence.

In order to ascertain the significance of differential incidence and
prevalence, we analyzed the pathogenicity of the variants as Deleterious
or Neutral which has been shown in Fig. 4b, Table 3 and Supplementary
file 3. Their presence across Asymptomatic and Deceased samples across
different countries has been discussed in the next section. The basic
premise for the study was that a protein having more variants will be
contributing to the viral evolution only if they are Deleterious. Neutral
mutations wouldn’t be affecting the protein per se. In terms of incidence
of Deleterious variants, NSP3 had the highest of 25 followed by NSP2
(16), ORF3a (14) and N (14). The NSP3 protein is responsible for pro-
teolytic activity but is not the only such protein. NSP5 also has similar
activity and has 4 Deleterious mutations associated exclusively to
deceased patients. Spike protein had just 7 Deleterious variants out of 66
which partly explains that despite of so many variants it has not much
impacted the viral pathogenesis yet. Though several mutations like
K417 N, E484K, N501Y, D614G and P681H in the S protein along with
the importance of RBD domain to the virulence of SARS-CoV-2 have
been reported but with emerging variants their impact needs to be
constantly monitored [10,11,25].

Interestingly, only four proteins NSP1, NSP2, ORF3a and ORF7a had
more Deleterious than Neutral mutants. NSP1 is involved in inhibiting
host gene expression and NSP2 in disrupting the microenvironment for
infected cells. ORF3a and ORF7a are associated with virion release and
evading host immune response respectively. The presence of more
deleterious mutations therein suggests viral adaptability [26-28].
Further, NSP7 and ORF6 had only Deleterious mutants indicating their
susceptibility to mutations (Fig. 4b, Table 3). Thus, we can say that even
a protein with very few mutations can be a pivotal factor in viral
evolution.

Assessment of the protein stability in lieu of mutations was thereby
ascertained and has been represented in Fig. 4c. Majority of variants
resulted in a decrease in protein stability across all proteins. The three
proteins which had maximum variants which increased protein stability
included NSP3 (19), Spike (18) and N (12). Also, NSP3 (49) and Spike
(48) had highest number of variants which decreased protein stability.
The impact of these variants when discussed individually is significant
but their presence in population is not in isolation and hence the cu-
mulative impact of mutations incident together is also required.

3.3. Differential mutational profile across asymptomatic and deceased
samples

The distribution of Deleterious and Neutral mutations across
asymptomatic and deceased patients has been shown in Table 3 and
Supplementary file 3. There are 12 proteins in which no variant was
present in both asymptomatic and deceased samples suggesting a cor-
relation between mutational status and disease profile. Contrastingly, N
protein had the highest of 4 variants across both sample sets. Moreover,
except for N protein, NSP1, NSP3, NSP9 and NSP14, all other proteins
had more variants associated with deceased patients as compared to
asymptomatic ones. NSP5 and NSP7 had no mutations from asymp-
tomatic patients whereas only NSP9 had no variants coming from
deceased patients.

Subsequently we analyzed the ratio of Deleterious to Neutral muta-
tions across asymptomatic and deceased samples as shown in Table 3.
Most proteins had a higher D/N ratio for deceased samples indicating
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the implication of Deleterious mutations therein. The highest D/N ratio
was 3.33 for ORF3a followed by 1.4 for N protein. The fact that deceased
patients have more Deleterious than Neutral variants as compared to the
symptomatic ones is suggestive of these mutations being correlated to
the disease status of the samples. Therefore, the exclusive mutations for
deceased and asymptomatic samples can serve as a benchmark for
management of patients.

Transversion (11083G > T) in ORF1ab gene leading to substitution
of leucine to phenylalanine in NSP6 has been shown to differentiate
between symptomatic and asymptomatic patients. Further, two muta-
tions (26,144G > T) and (1,397G > A) were reported to distinguish
between symptomatic and asymptomatic patients respectively [29]. It
has also been shown that asymptomatic patients harbor mutations at 9
nucleotide positions (C2939T; C3828T; G21784T; T21846C; T24631C;
G28881A; G28882A; (G28883C; G29810T) associated with several
non-synonymous substitutions across ORFlab (P892S; S1188L), S (K74
N; I95T) and N (R203K, G204R) proteins [30]. Present study also
exhibited the two variants of N protein. However, they are present in
both males and females of asymptomatic as well as deceased patients.
This signifies the constantly changing genetic landscape in SARS-CoV-2.

To further construe the link between the deceased host and the non-
synonymous mutations, we analyzed the mutated protein clusters as
follows: From Deceased Individuals (De) with Deleterious (D) pathoge-
nicity and Increase in Stability (IS) and From Deceased Individuals (De)
with Neutral (N) pathogenicity and Decrease in Stability (DS). The de-
tails have been shown in Table 4 and Supplementary file 3. When we
analyzed mutations only from deceased patients and with deleterious
pathogenicity, we observed that there were nine proteins in which all
such mutations had decreasing stability suggesting the possibility of the
decreased stability contributing to enhanced pathogenicity. Moreover,
there were ten proteins which had mutations with increasing as well as
decreasing stability. Amongst these there was N protein which had four
variants with increasing stability as compared to three with decreasing
stability prediction. All other proteins had more stability decreasing
variants as compared to increasing ones. Thus, we can say that the
variants with decreasing stability are more significant in pathogenicity
of SARS-CoV-2.

4. Conclusions

A total of 372 variants were observed in 332 SARS-CoV-2 sequences
with several variants being incident in multiple patients accounting for a
total of 1596 variants. Since, some countries had no representation in
asymptomatic or deceased samples, inference about geographical cor-
relation is not plausible from present dataset. However, the deleterious
pathogenicity mutations found in deceased patients can serve as guide
for patient management which can be based on nine proteins (E; ORF7a;
ORF8; NSP6; NSP8; NSP12; NSP13; NSP16 and S) in which twenty-two
such mutations had decreasing stability implying its contribution to
enhanced pathogenicity.
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